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m m m 

[0001] >^^mmn.mm^^mw^m\^^fc^mi^m<Di^^m^mmi^i^mmmm^tlf:L 

<{*InN, Xf*wtbf>(7)^^-CfcSAlGaN^, InGaN^, AlInGaN^^lr-^tPlII-V 

[0002] mim^mi^m^n. itm^m^^^(D^^mmmi!)^hm^^^t^-^m.t/tmi^t. 
-eojisv ^m^mi^<Dmtft^mvxm. if ^-c^t-K (ld) ^m^^-c:^ 

—\'^iLKD)fj:t'^mf^'r^mtvx}t<m^^htix\^^^o ^^mt. /hmit. 

^m^. mmm^. MTjgm^tff7T^^<mm(Dtm.ts:t^z.mm^tix\i^?>o 
[0003] z<Dx^fi:m[:!i^^^mi^m^n. ^tL.x-^yr^rmm^i^^'^^y^Tm. rm=^i^^ 
^vm. ^'7-'y'^p5±m. rxm^yyYM. xMitis-iYm. ^sttii> pMm^^r^caAJ6s 

[0004] r(D<t5/^^^§§®i;i{*, mm.'^cD^mmiiifiamiiSL-^fx.x^K). ^fi\z.i:^x^ 
m<D^m:mt. ti^^m(D%mmz.m^x^mm<Dm\-'^m^t-r^z.}ixmti-^^ 

[0005] ^fc. yTMi:aiMiJtOSt+^^cD:'c#v>il^^m^Wi-^¥^#:i^— rm^^f*. 
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Wcm^n^^oizti:^, ^(Dtcib, ^(^]el§^lc:J;oT':7T— /VK/>°^— :/(FFP) 
WnXWil : #M 2002-280663-^<25f^ 

(Di-i:^h\mmxh^o m^^mmmtL-x^mm^m^^^m'^i^. iiLmmm(D 

m-^xM^^-^^t^ ^mmt^mi^mt(Dmmmmwcmic^^x^ um^xox 
it.^mmmt^^mi^m.^^\^^nm(D^mm^t<Dmmmmr\^xmf)^ti'^-r< 

[0007] ^:ix\ :^mmn. mmmt^m^hMcm^n^mytKx^FFP(Dmit^^mvx. 

[0008] ^mf^m^m^-r^tcibiz^ ^mm^hnmM^mi^tcB^. \^-^%h.mm:. 
^^—■^m^(Dii^mm^^tih^w\\^xum-^mfi:-h(Dt\^x^mmmm^ 

u-^m^n. mim^^mw^mmt. ^(D±iznm^mi^m. ^^mRx^pm^^m 
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LD 

ex LD ex 

LD ex 

ex 

LD 

ex 

[0009] ^'^mt^ib^%^fi^%\t. m:^m mmmi^Mvxmmm.^^:^\^) {c^sv^rtis 

^(oxnfj:<.myt^m^j:^mmmm\^x^(Dmm^tifc.t^Mi:iM\.xmRktm 
(D^m^mm^M^^-^^:Ltx. i^—fmzM:^7!)m^^(D^^u\^x\,^^o ^ 

[0010] :^m^(Dm^m2\zw.m<Dmim^mi^i^-^m'f-i-i. ^m^mmi^. m^m 

t^mt])Tmi^m(Dm:ffKmi'fhf\.x\^^:it^wmt-r^o 
[0011] ^<Dx^^m^t-r^^tx\ mm^^mz:M:m^ti^(D^. ^^xK^m-r^^tH)^ 
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[0012] ^^5g(^f»^ii3i^is«co^^k%^*#:i^~-ifi^^}i. ^®{^^Mf*. m'^m 

[0013] r<DJ:95'j^«sfeti-^::i-C. i^—^W%m.-^mx. J.o, Kg3fe^Pi^ilXL-CM>®$ 

[0014] ^mn(DmiKmA\z.^m(Dmm^mw-^-^m^\-i. m^^mm\^. -^Jix 

[0015] zL(Di:ofm^t-r^^tx% mm(DKmm(Dmmmm:hfs:^^o\z.Wi^'r^^b 

mm&m'^itti^h^mx.xm^m^'t^'j;^^m:i^^^^t^^ ^mmmt-t^^t 
xm^ (Dm^^^'^t^m^-t^^tHi^x^, ^y)mtifcmm^^-r^ii^mummt-r 

?>^ti)^X^:6o 

[0016] ^/c. ^^P^(Z)^'fl-i^^^#:i^-if^^^«, mm^^mi^mmts ^(D±l,:inm 

^^mi^m. m^mRx/pm^^mi^m^mm^tixf^^mt^^mw-m^m^. mm. 
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LD ex 

[0017] ^<^xofm^tir:s>:Ltx\VTmt>ibmmm^^m^mm^n^(D^is^M\i-^:it 
t^x^^(Dx\ vrmimmm(^±h^-f^-h')^m-fxmWimm-r?>m^m(Dm 

. Mx.(^390-420nm#5ficD^^^AS:>^i-^^^, -^c7)^^®l|RbT. 550-6 

mmi^-^\^^xuu—^yttmzxh^tcibrMytKx-oxPD(Dmm{c±^<Bm-^ 
[0018] :¥^mm(Dm^m6Kmm<Dmt^^mi^i^-^m^n. mi<Dt^m^m^Rxf 
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[0019] z.(D^ofj:mi^t'r^^tx\u—^ytiif$iRx:^ms(D^mummi^x<>xR^m 
[0020] ^^m(Dm^m7Kmm(Dmm^^mi^l--^m^n. m^i^mm^mmit. 

i^m^m^. m2(Dmmum^m. m3(o^^®^^M. m4(Dt^m^mmn. ^n^e 

[0021] ^(DXofm^t-t^:itx\ mHmtvTm(D^mm^mm<Dm\^mm\.M<ti:^. 

[0022] :^mm<DmJ^m9Kmm(Dmm^^mi^^^-^m^l■±. mi<Di^^^mmt. m 
2(Dmm^mmi. 'p^j:<th-mm^j:^xmm^tix\^^^^t^wi^t'r^o ^tc 

^4<Dmm^mmn.<i^fj:<th-'mm^j:^x^mm^nx\,^^:it^mmt-r^o 
[0023] mi(Dm^i^mmtm2(Di^m^mmii. ^ti^^ti^ki-r^^^^mm^j^^fc 

«6> mm^^f'ti^xh. ^ti^^tium(D^^(DytKMvxmR^m^^w-r^:it 

t)^x^^. m3(Dmmi^mmtm4:(o^m^mmiz.-D\,^x-hmmx:h?>:, 
[0024] ^^m(Dm^TMiuz.^m(Dmitm^mi$^^^—^m^n. m2(Dmm^mmn. 

^^mi^m^^mvxifm^nx\^^^^t^s^mt-r^o ^fc. :^mm(Dm^mi2izm 

. */c. m^^mm^^hmtifzi.timyt\^x^xmM^thfc^xh^tci^. m^^^ 
M^(Dmm^mm^^mi^mi^m'r^xoi^Wiiir^^tx\mmm^M^^i^m^ 

[0026] :^mm(Dm^mi3fi^mm<Dmm^mi^i--^m'^n. mmmmn. ^(omm 
mmi^i^i.xmiiLmmtm\^^^t^m^t-r^o McWm^n-i. mmm^i^i3\,^x. 
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[0027] :^mm(Dm^mi4\zmm(Dm\:.!\^^mwi^-^m'i^i^. mmmm-±. ^<Dmm 
[0028] :^m^(Dm>^mi5\z.nd.m(Dmm^mi^^-^m^i-i. ^mmi-i. h. o. c. s 

[0030] ^mm(om^mi7izmm.<Dm\:!^^mi^\^—^m^it. mm^cD^mt. 550 

[0031] :¥^^m<Dm^mi8\z^m.(Dmtm^mi^i^-'^m^it. mmmm-is m^^i^ 

mm^n^^:^hy^-^mmm.^nx\-^^^t^!W'^t-r:5o M^i^mat.. mmmm 

[0032] :^mM(Dn-s!^mi9izmm(Dmm^mi^^—^m^n. mt^^m^n. mmm 

m<D±:}7imm^tix\^^^:it^wmt-r^o M.itma-i. mmmmtvx. ±mv 
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^mo^oi^m^:it-Vs ^mmj:mmtft^^. myt(D^mm^^'^mtti:^o 
[0033] :^^m(om^m2o\z.nm(Dmm^mi^\^—fm^n. mi^^mm\-i. mi^m 

mxh'o. m^it. m^mm. m&^^mt-d^^hy^-^^^x^h^m^i^. rn^^h^^ 
[0034] :^mm(Dm^m2iKmm<Du-^mmn. ±mmtm^mw\^-'>fm^t. ^ 

LD ex 
LD ex 

m^^bT#;t:^ci/-1f ^aT?fe«9. bT^^(7?i^v ^PD^fflv^fcl/— if 

^e^c^ov^T. ±n&i^m^mm\^^^mmt/tmc^ibmmmm\^ifmi.x^ m^b^ 
tmmt/t<Dmtixhi^Dmwiiiz.i^Mfj:mm^Ri^iru-^mmx:h^xh. mnm 
xwwm^mm'^mtx^^o mn-7:th^^:t—h't\.xm\/^hti^si^ 

^^PDT-^^^^v^fc:^^. ^(DPD^mmmi^^\^^tcu—^mmxit. mtm^mi^i^— 
■^m'^^mmmiz.mm-r^:Lt^mm^i:h(Dt\^x\^>ftf)K :ifi^m^x^^o ^tc. 

—^mm-A^h^o w-if •;^7:7^^T«. \^-'fm^^>y^tPD^>y^t7!>mm^tix 

mm^tifc:^^y^m^tu i^-'^m^mi PD^yym^^\m(DmmmR. mw^ 



wo 2005/006506 



9 



PCT/JP2004/0098S2 



[0035] ^mmcomtm^mi^u—^m'Fit. mm\^-r^m^^m^'^^:Lf^u—fyt 

mi^^—^m^t-r^^t^^x^^o 

[0036] [01] (a) :^mm<D^^mi^^-'fm^^m.mir:6m^um (b) mi(a.)(D 
h-h' mmm (c)igi(a)oc-c'8ff®iii 



[0037] 101-- 




102-' 




103-- 




104-' 




105" 




106-- 




107- 




108- 




109- 




110' 




Ul- 




na- 





[0038] &.r. ^mmK-^^^^xum-t^HiK :^mm<Dmim^mi^i--^m^it. mm<D 
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[0039] :^m^(Dmtm^mi^i^—^m'^i't. m^mif}>h<Dmtft^^Mu ^(o^yt^^ 
[0040] mat. ^mM(DmmmmKm^mitm^mwm'f-(Dm!j^^m'th<Dx*h^x 

^mw-m^x(D~n^^y'f'>i^'t^^txmi^\^x. miifmm(Dm^^^tL-xh^ 

[0041] vyi>(Dmm&t^^myi>^^hj^mi'^pmmtm^^mi^m(o±m{cA^iirxmi 
(Dmmmo9-dmi^^tix\^^^o vyi^±mRx^mi(Dmmm(D±miat.pm:t—^ 
yi^mmio5t^, *fc, mim^mi^^m(Dmmi^itnmmmio7ib^nifhfix\^^^ 

mmrr^^^m-fhtix\^^^o pmmt^^mi^m(D±mM. m2(DmmmRx^p 
m:t-^y^mmtm-r^pmy<ryvmMio67!)mn^tix\^^^. 

[0042] fflV>fetLSS^c^*l^tbT{*, GaN, AIN, ^L<ttInN, Xn^thb(Dm:^BXh 
SAlGaN^, InGaN^, AlInGaN^Srfclf ^;^^b(^S^{i> ^Oj; 
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[0043] mmtti:^mmmm^mmt. mp:.ity^y^v^n^-^m (j^t. hvpe^) iz. 



mKX^ (0002) m^xmr^y'^'^y:fy—-:f(Di^mM7i^3^&^i^. ^hKm.^V<i-±2 
[0044] m^mtm^mmt. -Wt^ln A1 Ca N(0^X^1. O^Y^l. O^X+Y 

X Y 1-X-Y 

^i)-t?fcSo mWS.i\:.^^MW-\tMG& N(o. oi^a^o. ^)X7T^^f\.^/<yyr 

a 1— a 

w^^^yyrm(Dm.^m.m.b\^x\-i. soo'cj^Tt^ism^^irb. mitm 

^(ELO?i)(Cj;«9Al Ga N (O^X^ 1) g^^S^-y:T^3.tV\ ^<^ELOfetf±^ 

X 1— X 

im^mi^^m.:}j\^^M^'^^:itxnmmiiL^mfx.^ia-i^MmmiiLm± 



[0045] m.im^mi^mm^^^^'t^fci^(D^^mmt\.xGaAsmmxi-i'^yT-(T 



(oooi) 
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3 

Nmmmm^ (Dmm^m\^^^^t-d^x-^^o 

^cnm\^flf^^^Mf^M.^^hmim^^mwm^^^M^^^^tx\mi^Lmmm&<^^ 
mmmm^^^fcmm^mi^mmt-r:^^fib^-^^^o :L(DmiiLmt. ^(D±kz 
fe. m^mW}m{^mmm^^^'^'r\^^(Dx\ m^mMW^t^(DmYfmmi[i. 

[0048] ^fc. mim^mi^mmn. ^mm^v--:f-i-^^j:^f\.xmm^t-r^:Ltx. mi 

^mi^mm(Dmmtvxi-i. ^^^^y^v>i^m(Dmmm^nm.vx. mioonmum-h 

[0049] ±m(D^o\cs^Mmm±\^^^^ti^mm^mi^mm\^. M^iRi^st^ctox 
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t^>x^nitx\^ ^<Dx. ±m<DXo^J:mtm^^mi^mm(o^MJ7ml<^x-^xmiLm 
m'^^m^(Dmm^x<^xmf^^-^^^t(DmHz,mxMx^:t'^^i^A-r^tf:^ 

[0052] ^mm tc*3v ^T. t^m^mmi-i. mmmm^^h(D^ytm.MicM\^xMR^m^m 
■r^hcDx^h^o ^(Dt^m^mmn. w-mmm.xh^<. ^y^i'i^mmi^xhx\^\ m 
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[0053] i^m^mmtvx. B}mtit(DmMi^M\^x(Dmm^mw-n-f-vf£<. i^—'fyt(D 

mm^mi(Di^m^mmtu mu^mm(D^tft^^KMi.xms.mm<D^m^^ 

xmRMm(D^mm^m3(Dt^mum^ti.. mm^mm(Dmyt^M\^Mvxm 

[0054] miRx:^m2(Di^m^mmit. ^•hibi!)^^mi^mKmvx\^>xhx\^^i!)K 0*l<{^ 

mm(D'^^t^mm-r^:Lt^^x%^o 
[0055] m^m<D^mim3(Di^m^m^(D?^^mir^m^n.mm^(Df^m^M\.xm 

-c. m^mm(D^mi^mi^^mm^i}^^(D^m<^mmtvxmm^'^^zt7!}^x 
#6o &i^t/ttu—fytt\i;i^mm^i:^(Dx. \^—if^^mhf^i,z<\,\ Mci^mc 

mm^m^^^i^. m^0t.v<nmmt^(D±(Dm^mmiz.:$3\^^x. ^^n^fimm 

[0056] ^/c. mmm<Dm^\z^ ^3(D^m%mmzMk.xmA(Dm^%mm^wt\-y^:Lb 
ti^x^^o z.(Dm^. m^<Dmm%'mm:^^mwmiM't^i:o\m.n^:Ltx^ %^ 

&(DM^^\y—^%\z^^x^?i(D^m^mmm':^it-r^<D^n^\x^^o 

m \z.-hi^mm:m-^x&iiim^wmi-r^^tx\ w—if ^^^^ j:< wtt ^iirs^^ 

[0057] ^m^mm(DM.wmmPct]^x\'i.. mwm^tx^xu. si. Mg. ai, Hf . Nb. z 

r, Sc, Ta. Ga, Zn. Y, B. TU ^\:L\'^Z.f\.h<Dmitm . mt^. •7yitmtii£(Dit 
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SU Mg. Al. Hf. Zr. Y. Ga^m^^^fcmxh^o ^fc. ii^^f*:$^;|S|-ibT(^ 
AIN. AlGaN, BN^^c^^^fflV^Sr^^SX't'S., mmP^mtVXltSi, Mg, Al. Hf, 
Nb, Zr, Sc, Ta, Ga, Zn, Y, B<Dm^t:#J. ^>fb#I. :7-^'{\:(i^^fj:^(Dit^m^m 

[0058] ^i-^4(Di!S®|%^^(^$f^Lv^#;is|.ib-C{i. '^iJ^fi. iiAT(^J;5/^*a^'^:b 

[0059] A: ^Komm^mm mmtitKM-r^vTmmm^mm) 

GaN/ZrO + (SiO /ZrO )(?51^T— 3^T 

2 2 2 

GaN/'TiO + (SiO /TiO )C01^r— 

2 2 2 

[0060] B:f^2(Dicm^mmfB^m:^^h<D^m^M'r^])Tmt^mi^mm) 

GaN/ZrO 4- (SiO /ZrO )(^)3^T— 6^T 

2 2 2 

GaN/TiO + (SiO /TiO )©3^T— 6^r 

2 2 2 

[0061] c : m3(Dt^^j^mm im^ytKM-r^mMi^mmi^mm) 

GaN/(SiO /Nb O )(01^T—2^T 

2 2 5 

GaN/(Al O /Nb O )(D1^T—2^T 

2 3 2 5 

GaN/(Al O /TiO ) CD1--^T— 2'<T 

2 3 2 

GaN/Al O +(SiO /Nb O )c01^T— 3^T 

2 3 2 2 5 

[0062] D : m4(Di^m^mm im^mf)^h(Dm^iz.n'r^mmmi^mumm) 

GaN/ZrO + (SiO /ZrO )(D1^T— 3^T 

2 2 2 

GaN/TiO + (SiO /TiO )CD1^T— 3^T 

2 2 2 

(MM) 

[0064] pMmki^¥^f*:;i{-iS:ttbtL6pftiJ:^— 55/i5^mi^(Dm^l*tJ|Sf^UTf*, pMmt 

^^mi^mt:t-^^y^\^Rrymmmm\^^um^m^-r^zt:d^x^. Mi^mic 

l-i, NU Co. Fe. Or. Al. Cu, Au, W. Mo. Ta. Ag. Pt. Pd. Rh. Ir. Ru. Os^ 
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^:it^^X'^^o 0*b<ft. NU Co, Fe, Cu, Au. Alf)>hm^^tl^{>:^j:<thim. 

[0065] vm:t-^^y^'mm\t.mmm\z.^'oxmj^j:^—^^yi^^^mmx^^o mf^mum 

[0066] ^fc. pM/-^5/K«M(^maWi|Sfi:LT(i. Ni, Co. Fe, Ti, Cu. Au, W, Zr. Mo 
, Ta, Ag, Pt, Pd, Rh, Ir. Ru. OsRU:Ltlh(Omtl^. mtH^^Ti^hfifh^, ^ 

ikWcm±mti.xmm'r^i:m^Mm.^(Dm^m^^^<Dmi-^v\^\ m^it. n 
. pt, w, Ta. Mo, TiNm^^m^fhti. m^B-^i.^^um-tL-xitTmmifhti^o 

mmtVXi-t, ^l^;¥iUT3000A— 20000 A;5W^b<. MlC0^b<}i7OOOA 
— 13000Ao^lST?$)?>o 

[0067] nmmtm^mi^mi^nnhti^nmmi-t. mm^m^mmmmitx:h^m 
[0068] n#j;^-^5/iJ'tti^i:bT{*. nmmtm^mi$-mt:t—^iyi^^^Rxfmm'\^t^m\^^ 

m^m^-r^Ztfi^X^. Md^ma^. NU Co, Fe. Ti. Cu. Au. W. v. Zr. Mo 
. Ta, AU Ag, Pt. Pd, Rh, Ir, Ru, Os^jaSfetf ^stt, ^tt^OmJi, -^^^ ^V>f* 

#iiBI^fflV^6r<^;55-t?^§„ $f^L<fi, Ti, Al^JliJ^^jiLfc#]11t5gTfe:5o n 

xnmi^m^no^ti!)m^\.\^^m^if)^h^. -^tc. nm^—^y^mm<Dmmtvxi't 

. ^]^fftbT100A-30000AaS^W^b<. MJ^3000A-15000A3gS^5 

0^u<. it^iaf^L<(*5oooA-iooooA-efe^o ^<Dm.m\Hx^^i^-r^:itx, 
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[0069] ^fc. nm^<y¥mm(Dm.mUntVX\'t. NU Co. Fe. Ti. Cu. Au. W. Zr. Mo 
. Ta. AK Ag. Pt. Pd. Rh. Ir. Ru, Os^t^hifhfl. r:i^b(^^Ji. ^-^^ ^V^fi 

^f^L<. ^j3:0^L<f:±7OOOA-13OOOA<Df5ia-e&5o 

m^<Dm^tVXit. ^l^ffibTSOOOA— 20000A363$f*b<. HlC$f^b<(:i7 
000A-13000AcOt5|S-t?fe5o ^?^U^|a^'^:biiriU-C{*. Ti/Al. Hf/Al. 
Ti/'Pt/Au. Ti/Mo/Pt/Au, Ti/Mo/Ti/Pt/Au. Ti/W/Pt/Au, Ti 
/W/Ti/Pt/Au. Mo/Pt/Au, Mo/Ti/Pt/Au, W/Pt/Au, V/^Pt/^ 
Au, VXMo/Pt/Au, V/W/Pt/Au, Cr/Pt/Au. Cr/^Mo/Pt/Au, C 
r/'W^Pt/Au#^fcif 5:ii;75ST'#§o mmMmKnmm^l^!^^'&^m^. Au 

h(Dxh^(Dx\ m\^^^mm.mmKX'ox0^i.\^mm^mi3i-r^^t^^x^^o n 
> *{c^Ma$tb6c ^^s$tLSi^t?> mmm^tiitmi^itvxm<D^mm 
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«tiib^-r<?fcSo t(Dfc}sbm2(Dmmmtmm^'^^xoi^'t^^tx\ pm^^^yv 

m,m(Dmmum^M^:fJmcmm\^xmmi^±c^(D^m<^^t7!)>x^^. 

[0073] ^l(Dmmm(DUntl.XnSU ru V, Zr, Nb. Hf, TaXy)fj:^m7!)>hm^^tlfc 
'P^£<th—n<D7iim^^tJ^mit!^. sin, BN, sic, AIN, AlGaN<7)[^(D{i'Vj;<i: 

■h—mxm^-r^:Ltt^m^\^<. ^(Ofpxhzr, uu si<Dmt!\^. bn. ain. aige 

[0074] ^fc. mi(Dmm^(Dmmt\.xn. Mwm^^i-i, loA^^AJnooooAi^Tf^^^is 

[0075] m2<Dmmmn. pm:t—x^y^mm<D^ vyi:^±m^^<^miz.mi-f:5:iti!)^x^. 
^y^>i!^{^x^xmm^nfcpm^mi^mRum\±m(Dm^i^mKhmm-r^x^ 
i^mn^mm^\^^ \ m^x^^^mtL-xn. su tu v. zr. Nb. Hf. Tax.y)fj:^ 
m*^hmm.^i:hfcci^ti:<th-m(D7iim^t^m^tm. sin. bn. sic. ain, Aioa 

T. SiO^. Al^O^. ZrO^. TiOtj:t^<DMmm'^fcn^mm^mif^^t7!)^X^^, 

^-M(D^m^mi-i. mmxi'i=^ry^:y^mi^i:^xM^-r?>:zt7!)^x^^. mmx 
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^ifeM 1 

[0078] ur. mmm^mm-r^t^^ :^mmizid\,^x. mtm^mw-m^m^'r?>nmm. 
im^^mi^m. f^^m. vmmim^mi^m(D^y<^:^mmt\.xi:immm^ti 

\^^xhmmx^^o mti>i^^mi^(DMci¥mfmtvxn. oaN. ain. ^u<(iinN 

^^mm.n^^m mm^^mi^^^m^'^^(DK^htix\^^^^x(D:)jm^ 
[0079] 24>^. cm^^mt'r^^yT^TXK>fj:^mm&m.^MocvDR}t^m^ 

3 
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[0080] m^^xi050X:x\ mz.<m.n:^^KTMG, ri^^=-riJ-^^ y^mm-^^\z.^'7^yi^ 

0. 02 0. 98 A- -T- 
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